The aim was to describe the macrophage activation syndrome (MAS), a life-threatening syndrome characterized by excessive immune activation that can be triggered by conditions affecting immune homeostasis, in a cohort of adult Italian patients with systemic lupus erythematosus (SLE). This was a monocentric retrospective evaluation. The utility of the H-score, developed to estimate the individual risk of having reactive MAS in adult patients, was assessed. Among 511 patients with SLE, 7 cases (1.4%) of MAS (all females) were identified and their medical records reviewed. In all cases, MAS was simultaneous to the onset of SLE. All patients had fever, lymphadenopathy, hematological involvement, and high titer of anti-dsDNA antibodies. Workup for infections and malignancies was negative. In all cases, the H-score was higher than the cut-off suggested for the classification of reactive MAS. All cases required hospital admission, and 2 patients were admitted to the intensive care unit. Most patients were treated successfully with high doses of corticosteroids and with immunosuppressive drugs, whereas the full therapeutic regimen developed for primary hemophagocytic lymphohistiocytosis HLH was used only in one case. No death from MAS was observed. MAS is a rare and severe disorder that complicated the onset of SLE in our cohort. The H-score may be useful in the classification of these patients.
M acrophage activation syndrome (MAS) is a severe and life-threatening disease, characterized by uncontrolled activation of the immune system with proliferation of T cells and well-differentiated non-neoplastic macrophages, which exhibit hemophagocytic activity (1) . This massive systemic inflammatory response is associated with cytopenia, liver dysfunction, coagulopathy and extreme hyperferritinemia. It is classified in: 1) primary (or familial) hemophagocytic lymphohistiocytosis (HLH), a constellation of rare autosomal recessive disorders associated with various abnormalities in the cytolytic pathway; 2) secondary MAS, triggered by conditions affecting immune homeostasis, such as infections, malignancies, and autoimmune disorders (1) . MAS has been reported in association with almost any rheumatologic disorders, but the most common associations are, by far, with systemic juvenile idiopathic arthritis, adult-onset Still disease, and systemic lupus erythematosus (SLE) (1) . MAS occurring in patients with SLE and other autoimmune diseases can be separated into two Adult SLE-associated MAS ORIGINAL PAPER different entities: cases associated with an active infection, often as a complication of immunosuppressive therapy, and cases specifically associated with activity of the underlying disease (at its onset, or during a flare) (1) . Data on SLE-associated MAS are still limited. The first cases were described in 1991 as acute lupus hemophagocytic syndrome (2) . Afterwards, several small case series were described, with an estimated prevalence of MAS among SLE patients ranging from 0.9% to 4.6% (3) (4) (5) (6) (7) (8) . To our knowledge, only one paper described adult SLE-associated MAS cases collected in Italy (9) . However, in this study 9 SLE cases recruited from 2 rheumatology centers were presented together with 32 cases with other autoimmune diseases, and SLE cases were not separately analyzed (9) . Diagnostic criteria for MAS secondary to adult autoimmune diseases suffer from substantial limitations. The recognition that MAS is clinically similar to HLH led some authors to recommend the use of the HLH-2004 diagnostic guidelines; however these were developed primarily for homozygous genetic disorders leading to familial HLH (10), and have never been validated in adults or in the reactive form of MAS. Moreover, some of the proposed criteria (e.g., natural killer cell activity, soluble interleukin-2 receptor level) are not measured in routine practice. Recently, preliminary diagnostic guidelines for MAS complicating systemic juvenile idiopathic arthritis (11), or juvenile SLE (12), have been published, but these may not be suitable for adult patients. Finally, a diagnostic score (H-score) was developed with the aim of estimating the individual risk of having MAS for adult patients (13) . However, the majority of patients in this study population had haematological malignancy and/or infection, and only 3.5% of them had SLE. In the present study we describe the presentation and treatment of 7 adult SLE-associated MAS collected in a single Italian center. The possible utility of the H-score was also evaluated.
n PATIENTS AND METHODS

Patients
All adult patients with a diagnosis of SLE who were treated at the Rheumatology Unit of Spedali Civili, Brescia, Italy, between 1972 and 2014, were included in the present analysis. All patients satisfied both the 1997 revised criteria for the classification of SLE (14) and the 2012 Systemic Lupus International Collaborating Clinics (SLICC) criteria (15) . Patients with a diagnosis of MAS formulated according to typical clinical and laboratory features and supported by clinicians' opinion were identified. All medical records were reviewed. In all cases the HLH-2004 classification criteria (10) were satisfied. Medical records were retrospectively reviewed using a standard data extraction form, evaluating: demographic data, disease duration, potential trigger factors for MAS onset, including, among other things, signs of active viral infections (this included, in all cases: Epstein Barr Virus, Cytomegalovirus, Hepatitis B Virus, Hepatitis C virus, B19 Parvovirus, Human Herpes Virus 8, Human Herpes Virus 6, Human Immunodeficiency Virus and adenovirus), as well as lupus clinical features, laboratory findings and treatment modalities for both SLE and MAS management. For each patient the SLE disease activity and the individual risk of having reactive MAS were evaluated using the SLE Disease Activity Index (SLEDAI-2K) score (16) and the H-score (13), respectively.
Statistical analysis
If not otherwise indicated, continuous variables were reported as median value and interquartile range (IQR).
n RESULTS
Among the 511 patients with SLE followed at our center (age at diagnosis: 33+13; 92.2% female), seven (1.4%) cases of MAS were identified (median age at diagnosis 31.5 years; IQR 26.5-42.5; all female). Their main clinical and laboratory features are reported in Table I . All 
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cases required hospital admission, and 2 were admitted to the intensive care unit (ICU). In all cases MAS was simultaneous with the onset of SLE, and the main reasons for hospital admission were acute onset of fever and constitutional symptoms. At the moment of MAS, median SLEDAI value was 12. Clinical manifestation of SLE were frequent (Table I ). In particular, symptomatic heart involvement was present in 4 patients who developed pericarditis, in one case associated with myocarditis requiring left ventricular assist device implantation. Lung involvement was present in 4 cases with pleuritis; two patients developed acute severe respiratory failure due to acute respiratory distress syndrome. Kidney involvement was present in two patients with isolated proteinuria (>2 grams/24 h), in one case with acute renal failure requiring dialysis. None of the patients underwent a renal biopsy. All patients had cytopenia in at least two cell lines (and 43% of them of three lines). In all patients raised cytolysis enzymes, and in five (71%) hyperferritinemia, were observed. Antinuclear antibodies were detected in all patients, with very high titers of anti-dsDNA antibodies (median 720 IU; (IQR 91-744) nv <7). Median HLH score was 248 (IQR 226-263), with a median probability of having MAS of 99% (Table II ). In all patients the Hscore was higher than 169, the cut-off for classification of reactive MAS in the original study (13) ; however, in one patient the score was lower than 190.5, a cut-off suggested by other authors to better perform in the classification of reactive MAS in patients with rheumatic diseases (17) . In three cases bone marrow aspirate was not performed; nevertheless, the H-score was higher than the suggested cut-offs in all these cases (Table II) . Workup for infections (including active viral replications) and malignancies was negative in all cases, except for one patient with positivity both for cytomegalovirus and herpes simplex 1 DNA, but without clinical manifestations. A mildly elevated serum procalcitonin level was found in 4 of 6 evaluable patients. All patients were Autoantibodies n (%) 
treated with corticosteroids (including intravenous (iv) pulses of methylprednisolone in all cases); in one case iv dexamethasone was also administered. Concomitant treatments were: cyclosporin A in 6 patients (it was administered after the courses of iv corticosteroid), high-dose iv IgG in 5, mycophenolate mofetil in 1, etoposide in 1, plasma exchange in 1, granulocyte colony-stimulating factor in 1. Two patients required hemotransfusion. No death from MAS was observed. One patient died 44 months after MAS for pulmonary adenocarcinoma. During follow-up (median: 54 months; IQR 39-70) no relapses of MAS have been recorded. At the last observation 5 patients were still being treated with low dose steroids (<7.5 mg/day), one patient with higher doses of prednisone (15 mg/day) because of SLE flare (central nervous system involvement); concomitant treatments were: mycophenolate mofetil in three patients, cyclosporine A in one, and azathioprine in one.
n DISCUSSION AND CONCLUSIONS
In this study we report data on 7 adult SLE patients who developed MAS, collected in a single Italian rheumatology center. The prevalence of MAS was 1.4% among all patients followed at our center, and was similar to that reported in the literature in adult SLE patients (3) (4) (5) (6) . In our experience, in all cases MAS was diagnosed in untreated SLE patients with active disease. Although occasional cases of MAS associated with infections have also been reported in SLE (4 out of 41 cases collected in a recent review of the literature) (5), in the large majority of cases, MAS is therefore linked with active lupus (4) (5) (6) (7) (8) . Although in our experience, MAS and SLE were diagnosed simultaneously and this was also the most frequent scenario in some other previous series (4, 8) , recent data indicate that MAS may arise in patients with long disease duration in up to 50% of the cases (7). ; °the cut-off suggested for the classification of reactive MAS in the original study was 169 (11) . Other authors suggested a higher cutoff (190.5), in patients with rheumatic diseases (15) . 
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Differential diagnosis of MAS from lupus flares or infections that can mimic it is crucial for prompt and appropriate treatment and prevention of morbidity and mortality. Histopathological findings including hemophagocytosis are neither sensitive nor specific for this purpose (6) . Indeed, in our experience, in three cases bone marrow aspirate was not performed and was not necessary to diagnose MAS. Clinical and laboratory signs may overlap between SLE and MAS, however there are some clues that can help in the distinction between the two disorders: hematologic involvement in SLE is very common, but pancytopenia or involvement of 2 cell lines are more frequent in SLE-associated MAS. Increases of cytolysis enzymes and ferritin are less frequently found in SLE than in MAS. Fever may be a red flag for possible MAS, particularly if the temperature is persistently above 38°, in the absence of signs and symptoms of underlying infection. While pericarditis is a frequent feature of SLE, the presence of myocarditis may be indicative of a severe associated MAS (4). Validated diagnostic criteria for MAS in adults secondary to autoimmune disease and in particular SLE are therefore urgently needed. The H-score was designed to calculate the individual risk of adult patients having reactive MAS (15); however it was developed and validated in a population including a very small number of patients with SLE (and other autoimmune diseases) (15) . The performance of the H-score in the classification of MAS associated with rheumatic diseases was recently evaluated in a series of 30 patients, including 6 cases of SLE (17) . In this study, a cut-off value for the H-Score different from the original study performed better. The authors suggested that further studies may be warranted to determine optimum cut-off values in different patient populations. Here we present the largest population of adult SLE-associated MAS evaluated by the H-score so far. Our data seem to confirm the utility of the H-score in this setting, even if it should always be considered that sensitivity may not be 100% (13, 17) . However, since in our study all the patients also fulfilled the HLH-2004 classification criteria (10), it was not possible to evaluate the sensitivity of the H-score as compared with the HLH-2004 criterion, the main limitation of which is indeed the lack of sensitivity, especially at the beginning of the MAS. For this purpose, case-control studies, in which patients with SLE-associated MAS are compared with SLE patients with fever but no MAS, might be appropriate, but these data are still lacking in the literature. The therapeutic strategy for SLE-associated MAS has not yet been established (6, 8) . In our experience, the combination of corticosteroids with other immunosuppressive medications was beneficial. A survey of the literature indicated that this combination therapy exerted more favorable effects, as compared with corticosteroids alone (p<0.05) (6) . There has been no clear conclusion on which immunosuppressant is preferable for MAS in SLE. Cyclosporin A was the most frequently used in our, as in other series (8) , and is generally preferred to other drugs for the lack of bone marrow suppression. Moreover, our data suggest that in most SLE patients the full therapeutic regimen developed for primary HLH (HLH-2004, including etoposide, cyclosporine, and dexamethasone, and intrathecal therapy with methotrexate and corticosteroids in selected patients) may be not necessary. In our experience, no patient died because of MAS, but a mortality of 9.8% among 61 cases of SLE-associated MAS, identified through a review of the literature, was described (6), clearly indicating that this may be a potentially fatal condition. A very high mortality (42.5%) was reported in a series of 41 cases of MAS associated with autoimmune diseases in a study from 2 Italian rheumatology centers, but cases of SLE were not separately analyzed (9) . Moreover, in this study, older age and higher levels of serum ferritin were associated with mortality, and it has been reported that SLE patients are younger, and with lower levels of ferritin as compared with other adult patients with autoimmune disease-associated MAS (6). In another study, dermatomyosi- 
tis was identified as a risk factor for mortality in this situation (6) .
In conclusion, MAS should be considered in febrile, cytopenic SLE patients. Ferritin, triglyceride and liver cytolysis enzymes blood levels may help in the diagnosis. A high clinical suspicion for myocarditis is mandatory in these cases, since this complication may be associated with the most severe forms (4) 
